WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




. per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Oassification ^ 

H01M6/18, 2/26, 6/10 ^ 
HOIM 10/04 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 94/07276 

31 March 1994(31.03.94) 



(21) International Application Number: PCT/US93/08454 

(22) International Filing Date: 10 September 1993 (10.09.93) 



(30) Priority data: 
07/943,722 



1 1 September 1992 (1 L09.92) US 



(71) AppUcant: VALENCE TECHNOLOGY, INC. [US/USJ; 

6781 Via Del Ore. San Jose, CA 951 19 (US). 

(72) Inventor: SHACKLE, Dale, R. ; 17135 Oak Leaf Drive, 

Morgan Hill, CA 95037 (US). 

(74) Agent: KREBS, Robert, E.; Bums, Doane. Swecker & Ma- 
this, George Mason Building, Washington and Prince 
Streets, P.O. Box 1404, Alexandria, VA 22313-1404 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, 
LU, LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, 
RU, SD, SE, SK, UA, VN, European patent (AT, BE, 
CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN. ML, MR, NE. SN, TD, TG). 



Published 

Ifith international search report. 



(54) Title: ELECTROCHEMICAL CELL STACK AND METHOD OF MAKING AN ELECTROCHEMICAL CELL 
STACK 



(57) Abstract 

An electrochemical ceU 
stack (60) is made from a continu- 
ous laminate web including an 
electrode layer (2), an electrolyte 
layer (20), and a plurality of dis- 
crete opposite polarity electrode 
segments (30). The laminate is fan- 
folded into a stack such that sub- 
stantially the entire surface area of 
the opposite polarity electrode seg- 
ments are in contaa with the elec- 
trolyte layer and in ion exchange 
with the electrode layer. Current 
can be collected from the discrete 
opposite polarity electrode seg- 
ments by opposite polarity elec- 
trode current collector strips (50) 
that electrically connect the oppo- 
site polarity electrode segments. A 
method for making an electro- 
chemical cell stack is also dis- 
closed. 
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ELECTROCHEMICAL CELL STACK AND 
METHOD OF MATONG AN ELECTROCHEMICAL CELL STACK 

Background of the Invention 

Field of the Invention 
S The present invention generally relates to electrochemical 

cells and, more particularly, to electrodiemical cells utilinng a polymer 
electrolyte. 

State of the Art 

^ In recent years, workers in the battery art have begun to 
10 appreciate the advantages of solid-state cells; particularly cells having a 
lithium anode, a cathode, and a polymer electrolyte have become known. 
The advantages of those cells include less weight than conventional 
batteries using a liquid electrolyte, long service life, relatively high 
energy densities, and relatively high specific energies. 

15 Summary of the Invention 

The present invention generally provides an electrochemical 
ceU having a polymer electrolyte that can be assembled relatively simply 
into a stack having desired power characteristics such as high energy 
density in terms of Watt-hours per kilogram and Watt-hours per liter. 

20 More particularly, the present invention provides a fan-folded 

electrochemical cell stack having a plurality of discrete electrode segments 
that are easily adapted to contact one another. 

In one of its embodiments, the electrochemical cell stack of 
the present invention includes a continuous laminate web having a 
25 continuous electrode layer, a continuous electrolyte layer, and a plurality 
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of discrete opposite polarity electrode segments secured on top of the 
electrolyte layer in predetermined locations. The continuous laminate 
web is fan-folded at predetermined fold positions such that the opposite 
polarity electrode segments contact an electrolyte layer on the top and 
5 bottom sides of each of the opposite polarity electrode segments. The 
fan-folded continuous laminate web forms a stack having first and second 
sides. Opposite polarity electrode current collector means for collecting 
opposite polarity electrode current are provided, and electrode current 
collector means for collecting electrode current arc provided. Preferably, 
10 the web is fan-folded at the fold positions such that every other fold 
position on the first side of the fan-folded continuous laminate web 
extends past a preceding and a succeeding fold position on the first side of 
the stack a predetermined extended length. 

Brief Deseriptinn n f the Drawings 
15 The present invention can be further understood with 

reference to the following description in conjunction with the appended 
drawings, wherein like elements are provided with the same reference 
numerals. In the drawings: 

Figure 1 is a schematic exploded, perspective view of a 
20 laminate for forming an electrochemical cell stack according to an 
embodiment of the present invention; 

Figure 2 is a schematic perspective view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 
25 Figure 3 is a schematic perspective view of an 

electrochemical cell stack according to an embodiment of the present 
invention; 
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Figure 4A is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 4B is a schematic cross-sectional view of an 
5 electrochemical cell stack manufactured from the laminate of Figure 4A; 

Figure 5 A is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 5B is a schematic cross-sectional View of an 
10 electrochemical cell stack manufactured from the laminate of Figure 5A; 

Figure 6 A is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 6B is a schematic cross-sectional view of an 
15 electrochemical cell stack manufactured from the laminate of Figure 6A; 

Figure 7 A is a schematic plan view of a laminate for 
forming an electrochemical cell stiEick according to an embodiment of the 
present invention; 

Figure 7B is a schematic cross*sectional view of an 
20 electrochemical cell stack manufactured from the laminate of Figure 7 A; 

Figure 8 is a schematic perspective view of an 
electrochemical cell stack according to an embodiment of the present 
invention; 

Figure 9A is a schematic plan view of a laminate for 
25 forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 9B is a schematic perspective view showing the 
formation of an electrochemical cell stack from the laminate of Figure 
9A; 
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Figure 9C is a schematic cross-sectional view of an 
electrochemical cell stack manufactured from the laminate of Figure 9A; 

Figure lOA is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
S present invention; 

Figure lOB is a schematic perspective view showing the 
formation of an electrochemical cell stack from the laminate of Figure 
lOA; 

Figure IOC is a schematic cross-sectional view of an 
10 electrochemical cell stack manufactured from the laminate of Figure lOA; 

Figure 11 A is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 1 IB is a schematic perspective view showing the 
IS formation of an electrochemical cell stack from the laminate of Figure 
llA; 

Figure IIC is a schematic cross-sectional view of an 
electrochemical cell stack manufactured from the laminate of Figure 11 A; 

Figure 12A is a schematic plan view of a laminate for 
20 forming an electrochemical cell stack according to an embodiment of the 
present invention; 

Figure 12B is a schematic perspective view showing the 
formation of an electrochemical cell stack from the laminate of Figure 
12A; 

25 Figure 12C is a schematic cross-sectional view of an 

c^lectrochemical cell stack manufactured from the laminate of Figure 12A; 

Figure 13A is a schematic plan view of a laminate for 
forming an electrochemical cell stack according to an embodiment of the 
present invention; 
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Figure 13B is a schematic perspective view showing the 
formation of an electrochemical cell stack from the laminate of Figure 
13A; and 

Figure 13C is a schematic cross-sectional view of an 
5 electrochemical cell stack manufactured from the laminate of Figure 13A. 



Detailed Description of the Preferred Embodiments 
In Figures 1 and 2, a laminate 1 can be in web or sheet 
form for forming an electrochemical cell stack 60 such as shown, for 
instance, in Figures 3 and 8. As best shown in Figure 2, the laminate 1 

10 has a first surface 3 and a second surface 4. The laminate 1 comprises a 
continuous electrode layer 2, a continuous electrolyte layer 20, and a 
plurality of discrete opposite polarity electrode segments 30. In the 
preferred embodiment, the continuous electrode layer 2 is the cathode 
layer, and the plurality of opposite polarity electrode segments 30 is the 

15 anode. 

As shown in Figure 1, the cathode layer 2 can be formed by 
coating a suitable cathode material 2' onto a surface 4' of a conductive 
web material 2". In the preferred embodiment, the cathode material 2' is 
a material such as vanadium oxide, VgOja, and the conductive web 

20 material 2" is a material such as a nickel web. The second surface 4 is 
on the opposite surface of the conductive web material 2" from the 
surface 4' onto which the cathode material 2' is coated. The electrolyte 
layer 20 can be formed by coating a polymer electrolyte material over the 
cathode material 2'. The electrolyte layer 20 forms the first surface 3 of 

25 the laminate 1 . 
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The anode segments 30 are secured at predetennined 
locations on the first surface 3. The anode segments 30 can comprise a 
foil material with a desired electrochemical potential. The anode 
segments 30 are preferably lithium foil anode segments because of the 

5 position of lithium in the electromotive series. The anode segments 30 
have flat first and second surfaces 43 and 44, respectively, on opposite 
sides of the anode segments. The first surfaces 43 of the anode segments 
30 contact the first surface 3. The anode segments 30 can be formed by, 
for example, coating lithium on a conductive web material (not shown) 

10 such as a copper or a nickel web, or by forming a web (not shown) of 
lithium or other material and cutting segments from the anodic web to 
desired lengths. 

As shown in Figure 2, a plurality of transverse folds 5 are 
formed in the laminate 1 at predetermined positions and define a plurality 

15 of web segments 11, 12, 13, 14 between successive ones of the transverse 
folds 5. The transverse folds 5 of the laminate 1 can be formed by 
perforating portions of the laminate 1. Other methods of creating a 
weakened portion by the transverse folds 5, such as by perforating, 
skiving or scoring or creasing, are also effective. As shown in Figures 

20 9B, lOB, IIB, 12B, and 13B, an electrochemical cell stack 60, such as is 
shown in Figures 9C, IOC, IIC, 12C, and 13C, is manufactured from a 
laminate 1 having a plurality of transverse folds 5 by fan-folding the 
laminate 1, at the transverse folds 5, into a stack such that a first side 61 
and a second side 62 of the stack are formed. The transverse folds 5 are 

25 located at the first and second sides 61 and 62, respectively, when the 
laminate 1 is fan-folded. As shown in Figures 3 and 8, the 
electrochemical cell stack 60 is generally cube-shaped. 
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As shown in Figures 4A, 5A, 6A, 7A, 9A, lOA, 11 A, 12A, 
and 13A, the anode segments 30 are secured on the laminate 1 on top of 
the electrolyte layer 20 on the first surface 3 between two, not necessarily 
successive, transverse folds 5, on a first web segment 11 alone, as shown 
5 in Hgures 4A, SA, 9A, and IDA, or on a first and a second web segment 
11, 12 and oossing a transverse fold 5, as shown in Figures 6A, TA, 
11 A, 12A, and 13A. As shown, for example, by the views in Figures 
9B, lOB, IIB, 12B, and 13B, the laminate 1 is folded lengthwise at the 
transverse folds 5 in a fan-fold configuration to form the stack 60 such 
10 that each anode segment 30 contacts the electrolyte layer 20 on at least 
part of the first and second surfaces 43, 44 of the anode segment. This 
permits substantially all of the surface area of the anode segment 30 to be 
in ion exchange with thel^ntinuous cathode layer 2. 

Normally, the laminate 1 is fan-folded at transverse folds 5 
IS to form a stack 60 having a repeated pattern IS', IS, IS", . . . , of four 
web segments: a first web segment IT, 11,11", *..,a second web 
segment 12', 12, 12", . . • , a third web segment 13', 13, 13", . . . , 
and a fourth web segment 14', 14, 14", ... . The patterns represented 
by 15' and 15" are patterns preceding and succeeding, respectively, the 
20 pattern 15. 

Figures 3, 4A, 4B, SA, SB, 6A, 6B, 7 A, and 7B wiU first 
be discussed to illustrate arrangements of anode segments 30 relative to 
the rest of the laminate 1. In Figures 3, 4A, 4B, 5 A, 5B, 6A, 6B, 7A, 
and 7B, aspects of the invention in which the plurality of web segments 
25 11, 12, 13, 14 are all the same length are shown. As shown in Figures 
4B and SB, the laminates 1 are folded such that substantially the entire 
cathode layer 2 is in ion exchange with a surface of one of the plurality of 
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anode segments 30. The second surface 44 of a first opposite electrode 
segment 31, attached by its first surface 43 to the electrolyte layer 20 of 
the laminate 1 on a first web segment 11, is in contact with the electrolyte 
layer 20 on a preceding fourth web segment 14' when the laminate 1 is 
S folded to form a stack 60. Further, the second surface 44 of a second 
opposite electrode segment 32, attached by its first surfiice 43 to the 
electrolyte layer 20 of the laminate 1 on a second web segment 12, is in 
contact with the electrolyte layer 20 of a third web segment 13, As 
before, the first and second opposite electrode segments 31 and 32 are 

10 anode segments in the preferred embodiment. The second surface 44 of a 
succeeding first anode segment 3V\ attached by its first surface 43 to the 
electrolyte layer 20 of the laminate 1 on a succeeding first web segment 
11", is in contact with the electrolyte layer 20 of a fourth web segment 
.14. The second surface 44 of a preceding second anode segment 32' (not 

15 shown), attached by its first surface 43 to the electrolyte layer 20 of the 
laminate 1 on a preceding second web segment 12' (not shown), is in 
contact with the electrolyte layer 20 of a preceding third web segment 
13'. 

As shown in Figures 6B and 7B, the laminates 1 of Figures 
20 6A and 7A are folded such that substantially the entire length of the 
continuous cathode layer 2 is in ion exchange with one of a first or a 
second surface 43 or 44 of an anode segment 30. The anode segment 30, 
which is attached by its first surface 43 to the first surface 3 of the 
laminate 1 , on the electrolyte layer 20, on first and second web segments 
25 11, 12, and across a transverse fold line 5, contacts with the first surface 
3 on the electrolyte layer 20 on a preceding fourth web segment 14' and a 
third web segment 13 when the laminate 1 is folded to form a stack 60. 
The second surface 44 of a succeeding anode segment 30", also attached 
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by its first surface 43 to the electrolyte layer 20 of the laminate 1 on 
succeeding first and second web segments 11", 12", is in contact with 
the electrolyte layer 20 of a fourth web segment 14 and a succeeding third 
web segment 13". 

S The discrete anode segments 30 on the laminate 1 are 

connected to one another in parallel or in series. Current collector strips 
50 can be provided and connected to anode segments 30 to provide points 
for making electrical connections external to the stack 60. Similarly, 
portions of the continuous cathode layer 2 on the second surface 4 of the 

10 laminate 1 are exposed toward the outside of the stack 60 on the second 
side 62 of the stack, and a secondary current collector 75 contacts the 
cathode layer at one or more points along the length of the stack. 

With reference to Figures 4A and 4B, a current collector 
strip 50 is attached to first and second anode segments 31, 32 across a 
15 transverse fold 5. When the laminate 1 is folded into a stack 60, a 

portion 51 of each of the current collector strips 50 extends past a side 61 
of the stack 60 and is connected to a primary current collector 70. 

As shown in Figures 5A and 5B, current collector strips 50 
are attached to each anode segment 31 and 32. The electrochemical cell 

20 stack 60 shown in perspective view in Figure 3 corresponds to the side 
view of Figure 5B and can be formed from the laminate of Figure 5A. 
Portions 51 of the current collector strips 50 extend transversely fi-om the 
left side 6 or the right side 7 of the laminate 1 . When the laminate 1 is 
fan-folded to form the stack 60, the portions 51 of the current collector 

25 strips 50 extend from the stack and can be connected to one another 
electrically by the primary current collector 70. 
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Because the current collector strips 50 have a certain 
thickness, the stacks 60 formed by fan-folding the laminate 1 can become 
lopsided as multiple current collector strips are stacked one atop the 
other. However, in Figures 6A and 6B, no current collector strip 50 is 
5 provided. Instead, the anode segments 30 extend across the transverse 
folds 5. No current collector strips 50 are provided. The anode segments 
30 are of sufficient area and flexibility such that, when the laminate 1 is 
folded to form the stack 60, a portion of each of the plurality of anode 
segments about the transverse fold line 5 extends substantially past the 
10 remainder of the side 61 of the stack 60, thereby allowing connection of 
all of the anode segments directly to the primary current collector 70. 

As shown in Figures 7A and 7B, current collector strips 50 
are connected to each anode segment 30 substantially at or near the 
position where the anode segment 30 crosses the transverse fold line 5. 
15 Portions 51 of the current collector strips 50 extend transversely from the 
left side 6 or the right side 7 of the laminate 1 . When the laminate 1 is 
fan-folded to form the stack 60, the portions 51 of the current collector 
^ strips 50 extend from the stack and can be connected to one another 
electrically. 

20 As shown in Figures 8, 9A-C, lOA-C, llA-C, 12A-C, and 

13A-C, the third and fourth web segments 13, 14 are each the same 
length, the first and second web segments 11, 12 are each the same 
length, and the first and second web segments 11, 12 are each longer than 
the third or fourth web segments 13, 14 by a predetermined distance. As 

25 shown in Figure 8, a perspective view of an electrochemical cell stack 60 
that is formed with longer first and second web segments 11, 12 than 
third and fourth web segments 13, 14 is shown. Although the 
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electrochemical cell stack 60 corresponds to the embodiment of the 
invention shown in Figures 9A-C, the embodiments shown in Figures 
lOA-C, llA-C, 12A-C, and ISA-C form similarly-shaped stacks. When 
the laminate 1 is folded into a stack 60, the transverse fold S defining the 
5 first and second web segments 11, 12 extends slightly past the transverse 
fold S defining the third and fourth web segments 13, 14 due to the 
differences in length of those segments. Because spaces are formed 
between the transverse fold 5 defining the first iand second web segments 
11, 12 and the transverse folds 5', 5" defining the preceding first and 

10 second web segments IT, 12' and the succeeding first and second web 
segments 11", 12" due to the extended lengths of the first and second 
web segments, the current collector strips SO can be fitted in the spaces to 
avoid lopsided stacks due to the thickness of multiple current collector 
strips. More particularly, the current collector strips 50 can be fitted in 

15 the spaces to stabilize the portions of the first and second web segments 
11, 12 that are extended a predetermined length past the transverse fold 
positions of the third and fourth web segments 13, 14. As so fitted, the 
current collector strips reduce deformation of the extended lengths. 

As shown in Figures 9A-C, current collector strips 50 are 
20 attached to second anode segments 32', 32, and 32" near transverse fold 
lines 5. A portion 51 of the current collector strip extends fi-om the left 
or right sides 6, 7 of the laminate 1 . The current collector strip 50 can 
also extend across the transverse fold line 5 but cannot be attached to the 
first anode segment 31. As shown in Figures 9B and 9C, the current 
25 , collector strip 50 is positioned on the extended length of the second anode 
segment 32 and is of a sufficient thickness such that, when the laminate 1 
is folded to form the stack 60, the current collector strip will contact with 
a succeeding first anode segment 31". The protruding portions 51 of the 
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current collector strips 50 can be connected electrically by the primary 
current collector 70. 

As shown in Figures lOA-C, the current collector strips SO 
are attached across transverse fold lines S for connecting the first and 
5 second anode segments 31, 32. The current collector strips SO can be 
positioned so that they are fit on the extended length of the first and 
second web segments 11, 12 and do not contact other web segments to 
cause lopsided stacks 60. The thickness of the current collector strips 50 
causes them to protrude slightly from the side 61 of the stack 60 so that 
10 they can be connected to one another electrically by the primary current 
collector 70. 

As shown in Figures llA-C, a current collector strip 50 is 
connected to anode segments 30 which cross transverse folds 5 by the 
extended length of the second web segment 12. As in Figures 9A-C, the 

15 current collector strip 50 can be sufficiently thick such that, when the 
laminate 1 is fan-folded to form the stack 60, the current collector strip 
on the anode segment 30 on the second web segment 12 contacts the 
succeeding anode segment 30" on the succeeding first web segment 11" 
so that the plurality of anode segments is in electrical contact. 

20 Alternatively, electrical contact between the anode segments 30 can be 
achieved externally from the stack by means of the primary current 
collector 70 contacting all of the anode segments. 

As shown in Figures 12A-C, and similarly to the 
embodiment described with reference to Figures 6A and 6B, anode 
25 segments 30 extend across transverse folds 5. No current collector strips 
50 are provided. The anode segments 30 are electrically connected to one 
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another by the primary current collector 70 which contacts the anode 
segments at the transverse fold 5. Contact between the primary current 
collector 70 and the portions of the anode segments 30 by the transverse 
folds S, and not the portions of the electrolyte layer 20 by the transverse 
S folds, is fodlitated by the extended length of the first and second web 
segments 11» 12 beyond the length of the third and fourth web segments 
13, 14. ~ 

As shown in Figures 13A-C, anode segments 30 extend 
across transverse folds 5. Current collector strips SO are attadied near or 
10 across the transverse folds by the extended portion of the first and second 
web segments 11, 12. When the laminate 1 is folded to form the stack 
60, the current collector strips 50 are connected to the primary current 
collector 70 to connect the anodes 30 electrically. 

An electrochemical cell stack can be made by coating the 
IS cathode material 2' of the continuous cathode layer 2 with a continuous 
electrolyte layer 20. A plurality of anode segments 30 is secured on the 
surface 3 of the continuous electrolyte layer 20 to form the laminate 1. 
The plurality of anode segments 30 is secured in predetermined locations 
on the laminate 1 . The laminate 1 is fan-folded at predetermined 
20 transverse fold positions 5 such that the anode segments 30 contact the 
electrolyte layer 20 on first and second surfaces 43 and 44 of the anode 
segments 30. The fan-folding forms a stack 60 having first and second 
sides 61 and 62. Anode current collector means 70 are attached to the 
anode segments 30 in predetermined locations, and cathode current 
25 collector means 75 are attached to the cathode layer 2. The anode 
segments 30 can be laminated across predetermined transverse fold 
positions 5. 
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Electrochemical cell stacks 60 can be formed with desired 
power characteristics by making larger or smaller stacks. The power 
characteristics of the stacks 60 can be varied by, for example, altering the 
area for ion exchange between the anode layers 30 and the cathode layers 
5 2. Stacks 60 can, for instance, be made with more or fewer repeated 
patterns 15% 15, and 15". Further, the width of die laminate 1 or the 
distance between successive transverse folds 5 can be made greater or 
smaller. The ability to vary the height and width characteristics of the 
electrochemical cell stack 60 while attaining particular desired power 
10 characteristics facilitates use of the electrochemical cell stack in a wide 
variety of applications where space for batteries is limited. 



The elec&ochemical cell stack 60 formed from the laminate 
1 can be quickly assembled by fan-folding the laminate such that the 
discrete anode segments contact the electrolyte layer over substantially all 
15 of the surfaces of both surfaces 43, 44 of the anode segments. Such an 
electrochemical cell stack 60 can have a greater energy density, in Watt- 
hours per kilogram and Watt-hours per liter, than comparable liquid 
electrolyte batteries. 

The foregoing has described the principles, preferred 
20 embodiments and modes of operation of the present invention. However, 
the invention should not be construed as being limited to the particular 
embodiments discussed. Instead, the above-described embodiments 
should be regarded as being illustrative rather than restrictive, and it 
should be appreciated that variations may be made in those embodiments 
25 by workers skilled in the art widiout departing from the scope of the 
present invention as defined by the following claims. 
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What is claimed is: 

1 . An electrochemical cell stack, comprising: 

a continuous laminate web» the continuous laminate web 
having one continuous first polarity electrode layer, one continuous 
5 electrolyte layer, and a plurality of discrete second polarity electrode 
segments secured on top of the electrolyte layer in predetermined 
locations, the continuous laminate web being fan-folded at predetermined 
fold positions such that the second polarity electrode segments contact the 
electrolyte layer on top and bottom sides of each of the second polarity 
10 electrode segments, the fan-folded continuous laminate web forming a 
stack having first and second sides; 

second polarity electrode current collector means for 
collecting second polarity electrode current; and 

first polarity electrode current collector means for collecting 
IS first polarity electrode current. 

2. The electrochemical cell stack of Claim 1, wherein the web 
is fan-folded at the fold positions such that every other fold position on 
the first side of the stack extends past a preceding and a succeeding fold 
position on the first side of the stack a predetermined extended length. 

20 3. The electrochemical cell stack of Claim 2, wherein the 

second polarity electrode current collector means includes a first second 
polarity electrode current collector member attached to a first second 
polarity electrode segment at a first extended length, the first second 
polarity electrode current collector member being in electrical contact 

25 with a second second polarity electrode segment at a second extended 
length. 
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4. The electrochemical cell stack of Claim 3, wherein the first 
second polarity electrode segment extends across the first extended length 
and the second second polarity electrode segment extends across the 
second extended length. 

S 5. The electrochemical cell stack of Claim 4, wherein a portion 

of the first second polarity electrode current collector member extends 
fi^om the first side of the stack. 



6. The electrochemical cell stack of Claim 4, wherein the 
second polarity electrode current collector means includes a second 

10 second polarity electrode current collector member attached to a third 
second polarity electrode segment at a third extended length, the second 
second polarity electrode current collector member being in electrical 
contact with a fourth second polarity electrode segment at a fourth 
extended length, and the first second polarity electrode current collector 

15 member is in electrical contact with the second second polarity electrode 
current collector member at a point outside of the stack* 

7. The electrochemical cell stack of Claim 3, wherein the 
second polarity electrode current collector means includes a second 
second polarity electrode current collector member attached to a third 

20 second polarity electrode segment at ia third extended length, the second 
second polarity electrode current collector member being in electrical 
contact with a fourth second polarity electrode segment at a foiuih 
extended length, and the first second polarity electrode current collector 
member is in electrical contact with the second second polarity electrode 

25 current collector member at a point outside of the stack. 
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8. The electrochemical cell stack of Claim 1, wherein a portion 
of the first polarity electrode current collector means contacts a portion of 
the first polarity electrode layer on the second side of the stack. 

9. The electrochemical cell stack of Claim 1, wherein the 

S second polarity electrode current collector means includes a first second 
polarity electrode current collector member, and the first second polariQr 
electrode current collector member contacts a first and a second second 
polarity electrode segment and extends across a first fold position such 
that a point on the first second polarity electrode current collector member 
10 extends beyond the first side of the stack. 

10. The electrochemical cell stack of Claim 9, wherein the 
second polarity electrode current collector means includes a second 
second polarity electrode current collector member, and the second 
second polarity electrode current collector member contacts a third and a 

IS fourth second polarity electrode segment and extends across a second fold 
position such that a point on the second second polarity electrode current 
collector member extends beyond the first side of the stack, and the first 
and the second second polarity electrode current collector member are in 
electrical contact. 

20 11. The electrochemical cell stack of Claim 1, wherein a first 

second polarity electrode segment extends across a first fold position and 
a portion of the first second polarity electrode segment extends past the 
first side of the stack, and the second polarity electrode current collector 
means is in electrical contact with the portion of the first second polarity 

25 electrode segment. 
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12. The electrochemical cell stack of Claim 1 1 , wherein a second 
second polarity electrode segment extends across a second fold position 
and a portion of the second second polarity electrode segment extends 
past the first side of the stack, and the second polarity electrode current 

S collector means is in electrical contact with the portion of the second 
second polarity electrode segment. 

13. A laminate for forming an electrochemical cell stack, 
comprising: 

one continuous first polarity electrode layer having a first 
10 and a second surface; 

one continuous electrolyte layer having a first and a second 
surface, the first surface of the electrolyte layer being attached to the 
second surface of the first polarity electrode layer; 

a plurality of discrete second polarity electrode segments 
15 each having a first and a second surface, the first surface of each second 
polarity electrode segment being secured on the second surface of the 
electrolyte layer; and 

the laminate being foldable at a plurality of predetermined 
fold positions such that at least a portion of the second surface of each 
20 second polarity electrode segment contacts a portion of the second surface 
of the electrolyte layer. 

14. The laminate of Claim 13, wherein the predetermined fold 
positions are defined by perforations. 

15. The laminate of Claim 13, wherein the predetermined fold 
25 positions are defined by scoring. 
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16. The laminate of Claim 13, further comprising a second 
polarity electrode current collector means including a plurality of second 
polarity electrode current collector members, a second polarity electrode 
current collector member being attached to a first one of every set of two 

S second polarity electrode segments and adapted to contact a second one of 
every set of two second polarity electrode segments when the laminate is 
folded at the plurality of fold positions. 

17. The laminate of Claim 16, wherein the plurality of second 
polarity electrode current collectors is adapted to be in electrical contact 

10 with one another when the laminate is folded at the plurality of fold 
positions. 

18. The laminate of Claim 13, further comprising a second 
polarity electrode current collector means, the second polarity electrode 
current collector means including a plurality of second polarity electrode 

15 current collector members attached to every one of the plurality of second 
polarity electrode segments, the plurality of second polarity electrode 
current collector members being adapted to be in electrical pontact with 
one another when the laminate is folded at the plurality of fold positions. 

19. A method of making an electrochemical cell stack, 
20 comprising the steps of: 

coating a top surface of one continuous first polarity 
electrode layer with one continuous electrolyte layer; 

securing a plurality of second polarity electrode segments on 
a top surface of the continuous electrolyte layer to form a laminate, the 
2S plurality of second polarity electrode segments being secured in 
predetermined locations on the laminate; 
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fan-folding the laminate at predetermined fold positions such 
that the second polarity electrode segments contact the electrolyte layer on 
first and second sides of the second polarity electrode segments, the fan- 
folding forming a stack having first and second sides; and 
5 attaching second polarity electrode current collector means 

to the second polarity electrode segments in predetermined locations and 
first polarity electrode current collector means to the first polarity 
electrode layer. 

20. The method of Claim 19, wherein the second polarity 
10 electrode segments are laminated across predetermined fold positions. 

21. The method of Claim 19, wherein the laminate is fim-folded 
at the fold positions such that every other fold position on the first side of 
the stack extends past a preceding and a succeeding fold position on the 
first side of the stack a predetermined extended length. 

15 22. A method of making a laminate for making an 

electrochemical cell stack, comprising the steps of: 

coating a top surface of one continuous first polarity 
electrode layer with one continuous electrolyte layer; and 

securing a plurality of second polarity electrode segments on 
20 a top surface of the continuous electrolyte layer, the plurality of second 
polarity electrode segments being secured in predetermined locations. 

23. The method of Claim 22, comprising the fiirther step of 
attaching second polarity electrode current collector means to the second 
polarity electrode segments in predetermined locations and first polarity 
25 electrode current collector means to the first polarity electrode layer. 
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24. The electrochemical cell stack of Claim 1, wherein the first 
polarity electrode is a cathode and the second polarity electrode segments 
are anodes. 



25. The electrochemical cell stack of Claim 1, wherein the first 
S polarity electrode is an anode and the second polarity electrode segments 

are cathodes. 

26. The laminate of Claim 13, wherein the first polarity 
electrode is a cathode and the second polarity electrode segments are 
anodes. 

10 27. The laminate of Claim 13, wherein the first polahQr 

electrode is an anode and the second polarity electrode segments are 
cathodes. 



28. The method of Claim 19, wherein the continuous first 
polarity electrode layer is cathodic and the second polarity electrode 

IS segments are anodic. 

29. The method of Claim 19, wherein the continuous first 
polarity electrode layer is anodic and the second polarity electrode 
segments are cathodic. 

30. The method of Claim 22, wherein the continuous first 
20 polarity electrode layer is cathodic and the second polarity electrode 

segments are anodic. 
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31. The method of Claim 22, wherein the continuous first 
polarity electrode layer is anodic and the second polarity electrode 
segments are cathodic. 
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